The interaction between ibuprofen and maltodextrins with different dextrose equivalent was studied in solution and solid state in order to investigate the effect on the solubility of ibuprofen and to determine their usefulness in terms of chiral recognition. Apparent binding constants were calculated using nuclear magnetic resonance spectroscopy experiments and solubility studies. The results showed an increase in the apparent solubility of ibuprofen in the presence of maltodextrins that depended on their ionization state. The freeze-drying method was used to prepare solid complexes, while physical mixtures were obtained by simple blending. These solid systems were characterized in the solid state using differential scanning calorimetry, thermogravimetric analysis, Fourier Transform-Infrared spectroscopy, scanning electron microscopy and X-ray diffractometry. Detailed nuclear magnetic resonance studies provided evidence of the influence of the type and concentration of the maltodextrin host on the chiral recognition of racemic ibuprofen, indicating that these linear ligands act as chiral selectors.
Introduction
To be therapeutically active, drugs must be able to dissolve in body fluids and permeate membranes in order to travel to other body compartments. Ibuprofen (IBP), 4-isobutyl-2-phenyl-propionic acid, is a well-known nonsteroidal anti-inflammatory drug (NSAID) widely used for the treatment of pain, inflammation, arthritis, fever and dysmenorrhea. However, its bioavailability is relatively low after oral administration, since it presents poor solubility in water [1] . In the literature data related to the biopharmaceutics classification system (BCS) IBP was assessed to be a class II drug. Therefore an increase in its solubility is paramount to improve the dissolution rate from solid dosage forms and thereby its therapeutic activity. IBP, as in the case of others profens (ketoprofen, naproxen and flurbiprofen) of the 2-aryl propionic acid family of nonsteroidal anti-inflammatory drugs, displays an asymmetric carbon atom on the propionic acid side chain, leading to the existence of the enantiomeric pairs: S(+)-IBP and R(−)-IBP (see structures in Figure 1 ). However, despite IBP being marketed as a racemate, only the S(+)-IBP enantiomer is implicated in the inhibition of prostaglandin synthesis and anti-inflammatory events [2] . In the present study, the solubility of the model drug IBP was improved and the chiral discrimination by the formation of complexes, was investigated.
In previous works, cyclodextrins (CDs) have been employed to promote the dissolution of the drugs through their solubilisation and also to differentiate chiral drug enantiomers, which may be included inside the CD cavity. In particular, β-CD has been studied as a chiral host in the discrimination of IBP isomers by means of atomistic molecular mechanics simulations and 2D NMR experiments [3] , as well as for the determination of IBP enantiomers in human plasma and urine by spectrofluorimetry [4] . In addition, α-CD, β-CD and γ-CD were used to determine the enantiomeric composition of samples of IBP by chemometric analysis of UV spectral data [5] .
In addition, maltodextrins (MDs) have been used as chiral selectors [6, 7] . They are obtained by acid and/or enzymatic controlled hydrolysis of starch, but to a lower extent than that required to produce starch syrups. It is clear, then that MD are complex mixtures of high and low molecular weight materials, which contain linear amylose and branched amylopectin degradation products, therefore they are considered as D-glucose polymers joined by α- (1, 4) and α- (1, 6) linkages. The extent of starch degradation in a MD is indicated by the Dextrose Equivalent value (DE) that evaluates the content of reducing-end groups, and is inverse value of average degree of polymerisation (DP) of anhydro glucose units. The nature of the starch hydrolysis, and the process used will have an important influence on the composition and properties of final product, that have different physicochemical properties like solubility, freezing temperature, viscosity, etc. depending on the DE value [8, 9] . Their typical structure is shown in Figure 1 .
The MDs are endowed with the capability of complexation to various classes of compounds, with the hostguest one being the most common interaction for starch derivatives. The conformational change from a flexible coil to a helix form in the presence of a guest, which depends on the size of the complexing molecules, is believed to be essential for interactions to occur. The helical structure is hydrophobic inside, as in the CD cavity, but MDs have considerably more flexible entities than CDs, which is an important property in chiral recognition [10] .
NMR based methods, such as 1 H-NMR, have been used to evaluate enantiomeric recognition and to determine the enantiomeric excess of chiral compounds. The development of new types of chiral selectors with higher efficiencies is of primary importance in the development of a versatile and accurate method for the resolution of enantiomeric forms in chiral drugs. In particular, the NMR techniques could provide considerable information about theoretical models of the enantioseparation of enantiomeric IBP with cyclic and linear oligosaccharides, which may be applied for the chiral recognition process in capillary electrophoresis and chromatographic separation.
The aim of this study was to evaluate the effect of adding MDs with different DE value to enhance the solubility of IBP and to determine their usefulness in terms of IBP chiral recognition. Detailed NMR studies of the chiral recognition of racemic IBP comparing cyclic oligosaccharide (β-CD) and linear polysaccharides (MDs) are reported. The parameters believed to affect the enantioresolution of IBP, such as type and concentration of the chiral selector, were investigated. Additionally, nuclear magnetic resonance ( 1 H-NMR and 2D-ROESY), differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), Fourier Transform-Infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) and X-ray diffractometry (XRD) were utilized to analyze the physicochemical properties of the complexes obtained.
Materials and Methods

Materials
Racemic Ibuprofen was provided by Parafarm (Argentina), S-Ibuprofen was obtained from Sigma-Aldrich ® (USA), and β-CD and Glucidex ® IT 19 (DE19) maltodextrin were gifts from Ferromet agent of Roquette (Lestrem, France). Maltodextrin (DE17) was provided by Todo Droga (Argentina). D 2 O (deuterium content 99.9%) was obtained from Aldrich ® (USA) and NaOD (40% solution in D 2 O, deuterium content 99%) was provided by SIGMA ® (St Louis, MO, USA). All other chemicals were of analytical grade. A Millipore Milli Q Water Purification System (Millipore, Bedford, MA, USA) generated the water used in these studies.
The solubility measurements were performed according to the method of Higuchi and Connors [11] . An excess of IBP was added to buffered aqueous solutions (pH 2.0, 4.6 and 7.0) containing increasing concentrations of MDs with DE 17 (MD17, 0.5 -7.7 mM) and DE 19 (MD19, 0.5 -8.8 mM). IBP, in the absence of MDs, was used to determine the intrinsic solubility. The suspensions were sonicated for 15 min (ULTRASONIC LC 30 H Elma) and then placed for 72 h in a 25.0˚C ± 0.1˚C constant temperature water bath [Haake DC10 thermostat (Haake, Paramus, NJ, USA)]. These suspensions were then sonicated at several time intervals. After the equilibrium was reached, the solid IBP remaining was removed by filtration through a 0.45 m membrane filter (Millipore, USA). The clear solutions were then suitably diluted and analyzed by UV spectrophotometry (SHIMADZU UV-160A spectrophotometer, VA Howe, UK) at 222 nm.
The studies were performed using McIlvaine buffers prepared from 0.2 M Na 2 HPO 4 and 0.1 M citric acid, with an ionic strength of 0.5.
The apparent 1:1 stability constants (K c ) were calculated from the straight line portion of the phase solubility diagrams, according to the following equation [11] :
where slope is the value found in the linear regression and S 0 is the solubility of IBP determined in the absence of MDs at each pH value. 
Nuclear Magnetic Resonance (NMR)
Assuming that the IBP-MD complexes had a 1:1 stoichiometry, the K c values were calculated based on Scott's modification of the Benesi-Hildebrand equation [12, 13] 
Preparation of the Complexes
The preparation of the solid IBP-MD complexes with a 1:1 molar ratio was performed by the freeze-drying method. Appropriate amounts of each component were suspended in water and sonicated at 25.0˚C ± 0.1˚C constant water temperature until the drug was completely dissolved. Solutions were frozen at −40˚C for 24 h to ensure complete solidification before freeze-drying was started (Freeze Dye 4.5 Labconco corp., Kansas City, MI). Physical mixtures were prepared by mixing the corresponding components uniformly in a mortar at a 1:1 molar ratio.
Differential Scanning Calorimetry (DSC)
and Thermogravimetric Analysis (TGA)
The DSC curves of the samples were obtained with a DSC TA 2920, and the TGA curves were recorded on a TG TA 2920. The samples were placed in aluminium hermetic pans, and the experiments were carried out under nitrogen gas flow at a heating rate of 10˚C/min and temperature range of 25˚C -350˚C. Data were obtained and processed using the TA Instruments Universal Analysis 2000 software.
Fourier Transform-Infrared Spectroscopy (FT-IR)
The FT-IR spectra were recorded on a Nicolet 5 SXC FT-IR Spectrophotometer (Madison, WI, USA), and potassium bromide disks were obtained by compressing the powder.
To improve the conductivity, samples were gold-coated under vacuum employing a sputter coater PELCO Model 3. The magnification selected was sufficient to be able to appreciate in detail the general morphology of the samples under study.
X-Ray Diffractometry (XRD)
X-ray powder diffraction patterns were recorded by a Rigaku Miniflex 2000 X-ray diffractometer, with Ni filtered Cu-Kα radiation and a scanning rate from 5˚ to 40˚ (2θ) at steps of 0.05˚, a voltage of 30 kW and a current of 15 mA for the generator. Data were obtained using Standard Measurement software.
Statistical Analyses
Treatment of the data were performed on Origin Pro 8, involved the use of ANOVA. Continuous variables were expressed as median ± median absolute deviation.
Results and Discussion
Phase Solubility Studies
The effect of MD17 and MD19 on the solubility of IBP was investigated at pH values where the drug molecule was either unionized (pH 2.0) or ionized (pH 7.0), and also for a pH near pK a (pH 4.6). The solubility values (Table 1) showed that MD17 at pH 2.0 produces a significant increase in the solubility of IBP, compared with those in buffer solution without MD. In contrast, we observed a lower effectiveness on the interaction between IBP and the MDs at pH 4.6 and 7.0, and between IBP and MD19 at pH 2.0. Our results at pH 2.0 showed relevant differences deriving from the DE value of the MDs, which demonstrated different IBP-MD interactions for both MDs. This was related to the extent of starch degradation in the MD, which indicated that IBP-MD binding only occurred when the chain length of the MD molecules exceeded a particular value. In addition, the phase solubility diagrams, obtained by plotting the changes in guest solubility as a function of MD concentrations, showed different profiles depending on the MD and pH used.
The interaction of the IBP-MD17 system (Figure 2 (a)) in buffer solution at pH 2.0 displayed a typical A L type solubility curve [11] , indicating the formation of a soluble complex of presumably a 1:1 stoichiometry. On other hand, the diagrams obtained at pH values of 4.6 and 7.0 did not correspond to either type A or type B classes. These plots showed an immediate and progressive decrease in the apparent concentration of IBP in solution for increasing MD concentration.
The phase solubility profiles of the IBP-MD19 system are presented in Figure 2(b) , with the solubility diagram 
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obtained in buffer solution at pH 2.0 being classified as an A N type. This curve may be originated from both an alteration in the effective nature of the solvent in the presence of large concentrations of ligand and a selfassociation of MD19 at higher concentrations. On the other hand, the solubility of IBP increased linearly with a rise in the concentration of MD19 at pH 4.6, which is characteristic of an A L type diagram. Considering this curve, it can be seen that the apparent solubility of IBP increased due to the formation of a soluble complex, whereas the diagram constructed at pH 7.0 corresponded to a B s type curve. The complex exhibited a higher solubility than the guest molecule, but its limit was reached within the tested MD concentration range. The increase in the amount of available MD molecules did not lead to a rise in solubility, indicating that all guest molecules had been converted into a less soluble complex [14] .
The calculated K c values for IBP-MD17 and IBP-MD19 systems at pH 2.0 were 420 ± 4 M −1 and 61.7 ± 0.7 M −1 , respectively. These values clearly demonstrate, within experimental error, that IBP in buffer solution at pH 2.0 had the highest affinity for MD17. Also, the interaction of IBP with MD19 at pH 4.6 was lower (K c = 13 ± 1 M −1 ) than at pH 2.0, showing that neutral IBP (pKa = 4.55, [1] ) exhibited a higher affinity for the host than the ionic species had, which indicates a significant contribution of the hydrophobic effect towards complex stability.
The results showed that the increase in the apparent solubility of IBP in the presence of MDs depended on the ionization state. At pH 2.0, MD17 increased drug solubility more than MD19, whereas at pH 7.0 the opposite occurred.
According to these results and taking into account a previous work using CDs [15] , it can be affirmed that the complexation of the drug with MD is better when the unionized form of the drug is present, while the total solubility achieved is significantly increased when the drug is fully ionized.
Nuclear Magnetic Resonance (NMR) of Selector-Solute Interactions
The interaction of IBP with β-CD, MD17 and MD19 was first evaluated by analyzing the differences in the chemical shifts (δ) of their hydrogen atoms with respect to the corresponding uncomplexed signals. The full assignment of the IBP protons and the changes observed after the addition of each selector at a 1:1 ratio are summarized in Table 2 . The signal of IBP C proton was not included in the data evaluation due to resonance overlap caused by MD signals.
Upon the addition of chiral selectors, the These results reveal evidence of interactions of IBP with each selector, which suggests the existence of different modes of interaction between the enantiomeric forms of IBP and both MDs.
Effect of the Type and Concentration of Chiral
Selectors on Enantiomer Discrimination In the present study, the chiral recognition of IBP by cyclic and linear oligosaccharides, such as β-CD, MD17 and MD19, was tested by NMR. Two types of shifts for racemic drug resonance signals could be observed after the addition of a chiral selector: 1) the displacement of a singlet or a multiplet, defined as a shift displacement (Δδ); and 2) the enantiomeric splitting of a singlet or a multiplet, defined as a shift non-equivalence (Δδ*). At least one type of shift could be observed for each resonance, and sometimes both occurred in combination.
In order to evaluate the potential of these chiral selectors, the The reversible exchange between the complexed and the free solute was rapid on the NMR time scale, and the NMR proton signals were the average values of the free and complexed solutes [16] . This demonstrated that differences in the complexation-induced shifts in the NMR spectra resulted from the enantiomeric composition of the solute. Therefore, the signal splitting of the IBP revealed the chiral recognition capability of the hosts. In addition, the structures of the complexes formed by the enantiomeric guest and the hosts induced clear nonequivalent complexation-induced shifts and provided chiral discrimination.
Many NMR studies of chiral selectors have shown that the protons closest to the binding site have greater enantiomeric differences in their complexation-induced shifts [17, 18] . It should also be noted in the present study that in the complexes of IBP with both MDs, the doublet signal of the IBP F protons was the only one split, whereas in the complex with β-CD the shielding shift was accompanied by the splitting of the doublet signals of the A and F protons. Therefore, the F protons (methyl protons attached to the asymmetric carbon atom of IBP) are likely to be in close proximity to the host when the complexes are formed. Similar results have been reported by Oh et al. [19] , who suggested that in the presence of hydroxypropyl-β-cyclodextrin, the multiplicity of the methyl proton signal of IBP might arise from the differences in the shielding extent of the diastereoisomeric pairs.
The resolution of enantiomers can usually be enhanced by optimization of the selector concentration. For all cases examined, the magnitude of the splitting obtained was strongly affected by the molar ratio IBP/selector (Figure 4 ) and showed differences in shifts related to the concentration of the different selectors. Generally, increasing the concentration of the host reagent promoted the formation of diastereomeric complexes and enhanced the enantiomeric discrimination visible in the NMR spec-tra, with the concentrations necessary to separate the IBP enantiomers being 0.0053 M, 0.0042 M and 0.0074 M for β-CD, MD17 and MD19, respectively. However, in these cases, the resolution of the IBP enantiomeric forms was not enhanced with increasing concentration of the selectors, because higher concentrations caused broadening and superposition of the resonances.
Differences in the magnitude of the complexation-induced shifts, in part, reflected the chiral recognition capability of the host, with β-CD showing the highest shifts in most of the signals of IBP. Also, the shifts due to MD19 were greater compared to those of MD17. These results are depicted in Tables 3-5 .
The results of these studies can be applied in an analytical approach to develop and optimize methods for the chromatographic separation, detection and determination of the enantiomeric composition of IBP based on the diasteroisomeric formation assay. Thus, reliable correlations between NMR experiments and chromatographic enantioseparations would be expected.
Evidence of Interaction between IBP and MDs
The 2D-ROESY experiments were used to obtain useful information concerning the supramolecular system structures present in solution. The bidimensional spectra of IBP-MD17 and IBP-MD19 systems allowed us to establish clear intermolecular dipolar interactions between protons at distances of less than 5 Ǻ. The MD protons were assigned according to the report of Wangsakan et al. [20] .
The observed intermolecular proximities revealed the formation of complexes between IBP and each ligand, but suggested that the molecular interaction inside the MD helix might be different for each MD. An expansion of the ROESY spectrum of IBP-MD17, shown in Figure  5(a) , revealed several intermolecular cross-peaks between the protons 2, 5 and 6 of MD and protons A, B and G of IBP. The 2D-ROESY spectrum of IBP-MD19 is shown in Figure 5(b) . Strong cross-peaks were observed between proton G of IBP and the protons 2, 5 and 6 of MD, while very weak dipolar correlations were seen between these host protons and the aromatic A and B protons of IBP. On the other hand, the D proton of IBP showed a preference for the protons 2, 5 and a weak cross-peak with the proton 6 of MD, whereas the F proton of IBP displayed intermolecular cross-peaks with the proton 6 of MD and very weak dipolar correlations with the protons 2, 5 of MD. Interestingly, MD19 caused intermolecular cross-peaks in more signals of IBP compared to MD17. However, the most intense cross-peaks were those between the MD17 protons and the protons of IBP. In conclusion, our data may be considered to be direct evidence of the different hydrophobic interactions of IBP with MD17 and MD19.
Determination of the Apparent Stability
Constants The K c values were determined from the NMR titration experiments (Scott's method) by taking into account the most marked shift variations. Therefore, the signal assigned to the aromatic A and B protons for the system IBP-β-CD were used, as well as the signal of the proton G for the IBP-MD17 system and the signals of the protons B and G for the IBP-MD19 system. The differences found between the determined K c values obtained by solubility and NMR studies arose from the use of distinct methods of determination, due to the fact that different techniques measure different physico-chemical parameters. However, both experiments revealed that the interaction IBP-MD occurred more efficiently with MD17.
It is thought that the IBP hydrophobic phenyl group leaves the hostile hydrophilic environment of the aqueous media to the hydrophobic CD cavity or MD helix. In addition, the penetration of the phenyl group into the hydrophobic cavity or helix is considered to be a thermodynamically driven hydrophobic interaction process. From a thermodynamic point of view, Rekharsky and Innoue [21] argue that stronger binding between the guest and the host results in a loss of chiral recognition. In our case, IBP was more strongly bound with MD17 than with β-CD or MD19, which may have affected the chiral recognition capability of the host.
Characterization of the Complexes
Differential Scanning Calorimetry (DSC) and
Thermogravimetric Analysis (TGA) The DSC and TGA profiles of IBP, MDs, physical mixtures and freeze-dried systems are shown in Figures 6(A)  and (B) , respectively. IBP exhibited a sharp endothermic melting peak at 78.11˚C. Also, the weight loss that initiated over 100˚C, shown by the TGA curve, could not be exclusively due to thermal decomposition, revealing the tendency of the drug to undergo sublimation. The trace of MD17 showed a broad endotherm in the range of 35˚C -165˚C with a maximum at around 91˚C, corresponding to a dehydration process, as was determined by the weight loss of 5.2% registered by TGA. The MD19 curve exhibited a very broad endothermic effect, between 40˚C and 185˚C, which reached a maximum at around 104˚C due to a dehydration process and was associated with a mass fraction loss of 5.6%.
The DSC curve of the IBP-MD17 physical mixture displayed a melting peak at 77.56˚C, which reflected the presence of remaining drug crystals unincorporated in the carrier. In contrast, the complete disappearance of the endothermic peak of free IBP was observed for the same system obtained by the freeze-drying method, which might have been due to a complexation of the drug. In addition, the freeze-dried and physical mixture system TGA curves showed that the dehydration stage contained only 6.9% and 6.8% of water, respectively, compared to 5.1% of MD17. This behavior indicates that most of the water molecules in the MD17 helix cavity were replaced by IBP during the complexation process.
The DSC curves of the IBP-MD19 systems obtained by the freeze-dried technique and physical mixture demonstrated the complete disappearance of the IBP peak, indicating molecular encapsulation of the drug. Interestingly, the IBP-MD17 and IBP-MD19 freeze-dried systems and physical mixtures TGA curves showed enhancement of IBP thermal stability in the solid state.
Fourier Transform-Infrared Spectroscopy
(FT-IR) Generally, carboxylic acids are characterized in FT-IR spectroscopy by bands from the OH stretch, the OH inand out-of-plane stretching, and the C=O asymmetrical stretching bands. All these bands are sensitive to the hydrogen bonding of the COOH group that exists either as the unbounded monomer or as the carboxylic acid dimer. The carboxylic acid monomer has a characteristic strong absorbance between 1800 and 1740 cm −1 , but when two carbonyl groups are presented with a symmetry center as in the case of a carboxylic acid dimer, this band shifts to 1720 -1680 cm
. Also, when the carbonyl is hydrogen bonded, but not dimerised as in alcohol-carbonyl bonding, a band is seen near 1730 -1705 cm −1 [22, 23] . Segments of the FT-IR spectra of IBP, MDs, physical mixtures and freeze-dried systems are shown in Figure 7 . The FT-IR spectrum of IBP showed all the characteristic bands of the drug, including a stretching band at 1720.21 cm −1 corresponding to the carbonyl group, which confirms that it exists in the dimeric form. For the IBP-MD17 freeze-dried system, the IBP C=O band was shifted to 1727.96 cm −1 with a new band appearing at 1747.05 cm −1 , suggesting the formation of hydrogen bonds between IBP and MD17 by means of intermolecular hydrogen bond breakdown of the IBP crystals. Taking into account these results, we propose that the hydrogen bonding state of IBP changed from the dimeric form to a carbonyl-hydroxyl (C=O-HO) hydrogen bonded form in the presence of MD17, and that the ratio of the absorbance of the 1747.05 cm −1 and 1727.96 cm −1 bands provided a measure of the relative amounts of both the hydroxyl and dimeric forms. Similar interactions have also been previously observed with hydroxypropyl methylcellulose [24] , polyoxyethylene alkyl ethers [25] and polyethylene glycol [26] .
In the case of the IBP-MD17 physical mixture and the IBP-MD19 freeze-dried system spectra, the characteristic C=O band disappeared. On the other hand, in the spectrum of the IBP-MD19 physical mixture, this band shifted to the lower frequency of 1714.24 cm
, which could be indicating the existence of intermolecular hydrogen bonding between IBP and MD19 leading to restrictions within the MD helix. Bearing in mind these spectral changes, there is undoubtedly clear evidence of interactions between IBP and the hosts MD17 and MD19, suggesting the formation of complexes in the solid state.
Scanning Electron Microscopy (SEM)
Morphological changes were investigated by SEM (Figure 8) . IBP appeared as needle-shaped crystals, MD17 consisted of hollow spherical entities with large particles containing smaller particles, and MD19 appeared as agglomerated irregularly shaped particles. In the SEM images of the IBP-MD17 and IBP-MD19 freeze-dried systems, the original morphology of the raw materials disappeared and it was impossible to differentiate the single components. However, by magnification of the images, it was possible to observe in detail that these amorphous structures had both smooth and rough surfaces. These drastic changes in particle shape and aspect in the freeze-dried complexes can be taken as a proof of the formation of new solid phases, as previously noted in the DSC analysis.
The IBP-MD17 and IBP-MD19 physical mixtures consisted of amorphous entities, with some similarities with the original morphology of MDs and containing some particles adhered to their surfaces. Thus, an apparent interaction of both components of the system occurred.
X-Ray Diffractometry (XRD)
Powder XRD is a useful method for detecting complexation in powder or microcrystalline states. The X-ray diffraction patterns of the raw materials, the freeze-dried binary systems and the physical mixtures are shown in Figure 9 .
The diffraction pattern of IBP exhibited high intensity reflections with a series of characteristic peaks, which are indicative of its crystalline character. For MDs, a hollow pattern was recorded, revealing their amorphous state. In the case of physical mixtures, the XRD patterns had few reflections in the angle range of 5˚-40˚ (2θ), indicating that the drug was no longer present in a crystalline form and suggesting a possible interaction. On the other hand, the XRD patterns of the freeze-dried binary systems were completely diffuse, with an absence of intense sharp peaks. The disappearance of the IBP diffraction pattern may have been due to the formation of true complexes of an amorphous nature in which the IBP were trapped in the MDs. Thus, the complexation of IBP and MDs produced new solid phases that had less crystalline structures compared to that of the pure form of IBP.
Conclusions
In this study, we have characterized the interactions of the ligands MD17 and MD19 with the guest IBP, resulting in the formation of different binary complexes. These distinct modes of complexation were confirmed by means of phase solubility analysis and 1 H-NMR and 2D-ROESY experiments in solution, as well as by DSC, TGA, FT-IR, SEM and XRD in the solid state.
The solubility of IBP was improved by the addition of MDs and making pH adjustments to the complexation medium. In particular, MD17 provided the greatest solubilization effect in the pH 2.0 solution. Furthermore, the NMR results showed that the interaction mode of IBP inside the MD helix might be different with each MD. However, in the presence of both MDs, the drug showed chiral discrimination, indicating that these linear ligands act as chiral selectors and that the diastereomeric complexes obtained are suitable to be used for chiral recognition.
Finally, this study may be regarded as an important step towards optimizing IBP assays related with enantiomeric analytical aspects, and should have an impact on the chiral recognition of MDs that might be extended to separation techniques.
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